The formation of vulnerability to natural hazards consists of many driving factors that represent multi-facets of the subjected system. However, the interactions among these components remain unclear and have not been clarified. Examining these internal relationships helps to improve the accuracy of vulnerability assessments and provides needed focus in flood management. This study employed partial least squares structural equation modeling (PLS-SEM) to discover the interrelationship of household flood vulnerability determinants in Cambodia's floodplain and Vietnam's Mekong River Delta. The results show that demographics and social capital have direct influences on flood exposure. In this paper, socioeconomic status can reduce flood effect levels through the mediation of coping capacity. In addition, heterogeneity was also observed between Vietnamese and Cambodian families, highlighting the influence of context on understanding social vulnerability. As the two countries are under threat from hydropower and climate change that profoundly affect flooding, flood management strategies should be improved. The study suggests that the focus should be placed with socioeconomic and coping capacity to sustainably strengthen resilience against flooding.
Introduction
Many studies of natural hazards and flooding have attempted to assess social vulnerability (Murphy & Scott, 2014; Antwi et al., 2015) . Social vulnerability can be examined through both qualitative and quantitative methods. The quantitative approach was conducted by constructing a vulnerability index based on various indicators. The estimated indexes revealed the places that are most threatened and the leading research needs for social vulnerability (Rufat et al., 2015) , but conducted studies remain tenuous.
For Vietnam and Cambodia, studying the key factors of vulnerability is critical for the development of flood strategies. The Mekong Basin is anticipated to be affected by a combination of global warming, sea level rise, and human development (Le et al., 2007) . The downstream floodplains of Cambodia and Vietnam, in particular, are most likely to experience the greatest impacts. Human development in the basin causes the water level to be higher in dry seasons and lower in wet seasons (Hoanh et al., 2010; Piman et al., 2012) . About 60% of the floodwaters in the Tonle Sap are from the Mekong's mainstream, so alterations to the river are much more likely to affect the flood pulse in the lake (Kummu et al., 2008) . In addition, water stored in reservoirs may delay the onset of floods and shorten their duration (Sarkkula et al., 2009) . On the other hand, climate change and global warming will cause changes in precipitation such as the timing, frequency, magnitude, and distribution (Dudgeon, 2000; Västilä et al., 2010) . Changes in the timing of monsoon rains, as well as flood pulses, are detrimental to Tonle Sap Lake, where rain-fed rice dominates (Heinonen, 2006) . Because of such immense changes, the existing flood management framework might no longer be effective and should be improved to cope with the new context. Understanding the drivers and complexity of flood vulnerability can reveal critical points that can be used in management to strengthen resilience against this threat.
Structural equation modeling (SEM) is a statistical analytic technique that combines factor analysis and regression or path analysis (Savalei & Bentler, 2010) . The advantage of SEM is that it can measure the relationships between unmeasured variables. It can handle multiple variables and estimate their parameters simultaneously. Hence, SEM is suitable for analyzing the interactions of vulnerability determinants. This study is one of the few that has applied SEM in the natural hazard assessment field.
Using a sample of 1,588 households in the Vietnam Mekong River Delta (MRD) and the Cambodian floodplain, the objectives of this study are (1) to analyze the determinants of flood vulnerability and their interactions and (2) to test for cross-nation differences between Vietnam and Cambodia. The results of this study will help to identify the key contributors to flood vulnerability, aid in theory development and policy improvement, and determine the difference in the vulnerability construction between Vietnamese and Cambodian rural households.
The article is organized as follows: the next section explains the study areas, data, the hypotheses, and the partial least squares (PLS) model. This is followed by a section presenting the results and discussion. Conclusions are drawn in the final section.
Methods

Study areas
The Mekong River originates in Tibet and flows through China, Myanmar, Laos, Thailand, Cambodia, and Vietnam before discharging to the East Sea. The river drainage basin can be broadly divided into an Upper Mekong Basin (UMB) and a Lower Mekong Basin (LMB). The LMB encompasses the nations of Laos, Thailand, Cambodia, and Vietnam. It supports nearly 60 million people living in the region .
The Cambodian floodplain (or the Tonle Sap area) and the Vietnam MRD are most vulnerable to flooding hazards among the LMB countries. The extreme floods in 2000 affected all four countries in the LMB. Cambodia suffered the most severe losses, with 347 deaths, 374,000 ha of rice crop destroyed, and 318,000 houses damaged. The physical and direct damage was estimated at US$157-161 million. These losses accounted for 43% of the total deaths and 40% of the monetized damage in the entire LMB. Vietnam followed Cambodia in terms of impacts from the 2000 floods. There were 319 fatalities, and the economic damage was approximately US$125 million (MRC, 2015) . The combined recorded deaths and economic damage from the 2000 floods in Laos and Thailand were 40 deaths and US$51 million, respectively, significantly lower than in Cambodia and Vietnam.
The vulnerability of Cambodia and Vietnam was again highlighted during the 2011 floods that occurred in all four of the LMB countries. A total of 396 fatalities were recorded, 63% in Cambodia (250 deaths) and 26% in Vietnam (104 deaths). Economic damage amounted to US$260 million in Vietnam, US$100-160 million in Cambodia, and US$22.6 million in Laos (MRC, 2015) .
Data source
The data used in this study are from a survey conducted in Vietnam and Cambodia in September and October 2014 by the Vietnam Ministry of Natural Resources and Environment (MoNRE).
The questionnaire includes many questions, divided into two sectors, livelihood and economic. The livelihood sector consists of various categories such as household demographics, livelihood options, fishing activities, navigation, flood impacts, warnings and preparations, and adapting strategies. The economic sector includes detailed information about household economic activities: agriculture; rice, fishing, and aquaculture; financial information; other crop production; and household expenses.
A total of 1,620 households were surveyed in 22 districts of 14 provinces in Cambodia and Vietnam. The data were processed using SPSS 23, and the PLS model was estimated by SmartPLS 3.0. After the screening process, 32 observations were removed from the dataset so the model was run with 1,588 observations. The survey locations were chosen based on the geographic zones in Figures 1 and 2 .
Proposed hypotheses on the interrelationship of vulnerability determinants
This study takes the following hypotheses on the vulnerability determinants based on the literature and selected indicators.
Hypothesis 1 (H1): demographic characteristics directly influence flood exposure. Children are considered the victims of many types of natural hazards such as earthquakes, tsunamis, and floods because they need their parents' support and protection (Działek et al., 2016) . Elders, similarly, are also one of the most vulnerable groups because they have limited mobility and physical difficulties when evacuation is necessary. In addition, they are often unwilling to leave home and take a longer time to recover when they are injured or sick (Rygel et al., 2006) . Therefore, if a household has more members in marginal groups, it is more sensitive to flooding.
Longer duration of residence helps people recognize the potential local risks. In contrast, recent migrants often have less bonding social capital and are less involved with the local network. Thus, their households will be more vulnerable and they will not receive full social support and might even have restricted access to local knowledge and experiences of flood preparations. As discussed by Działek et al. (2013) , age or living experience often has the advantage of prior disaster experiences.
Hypothesis 2 (H2): social capital directly reduces flood exposure. Manifest variables of social capital reflect support received from external sources and the reliability of flood warning systems. When the links with social networks have been established and the bonds are strong, households are more likely to be assisted by various forms of support such as sharing of seeds among farmers, small loans to flood-affected families, and the provision of food, clothing, and medicine (Rufat et al., 2015) . Those supports will help families become more resilient and take a shorter time to recover from losses.
The flood warning system is an important factor in flood management. The information channels included here focus on formal systems such as radio, television, local radio stations, and local authorities' announcements. These channels aim to provide forecasts or news regarding probable flood events so that the public can behave accordingly (Parker et al., 2009) . Hence, the reliability and accuracy of warning systems are critical. Accurate alerts help people respond on time while false predictions might lead to devastating losses.
Hypothesis 3 (H3): coping capacity directly reduces flood exposure. In this study, coping measures include the participation in training courses, production adjustments, changes at work, and evacuation from the affected zones. Training is necessary because it is another form of education. It provides farmers with the necessary skills and knowledge to enable them to protect their farmland and livestock and prepare for floods. Production adjustments consist of several preventative measures that farmers have implemented such as changes in schedules, crops, and species and fishing gear. In addition, if their previous livelihoods were damaged or rendered unavailable due to flooding, changing work and migration are also considered coping strategies. These variables make a household more resilient and able to endure the adverse effects.
Hypothesis 4 (H4): socioeconomic status has an indirect effect on flood exposure through its positive influence on coping capacity. If a household is economically stable, it is more capable of preparing for risks. Higher income means people can afford to take preventative measures such as repairing houses, buying food and water, and adopting better and more resilient equipment. Low-income families have limited financial capacity to prepare for floods (Działek et al., 2016) . Education can also boost adaptability. It provides the foundation of scientific understanding of the catastrophes' nature, enabling appropriate responses (Adger et al., 2004) .
Partial least squares structural equation modeling (PLS-SEM)
SEM has two forms: covariance based (CB-SEM) and least squares based/components based (PLS) (Lowry & Gaskin, 2014) . SEM includes two types of measurement models, reflective and formative. A reflective measure is when a construct is assumed to determine the observed variables. Conversely, a formative measure is a construct defined by the observed variables. Prior studies primarily assumed reflective measures or reflective/effect indicators in their models (Bollen, 1984) . Notwithstanding the growing attention, the applications of formative/causal variables in social sciences remain limited. Bollen (2002) stated that 'nearly all measurement in psychology and the other social sciences assumes effect indicators'. In fact, one should clearly inspect the relationship between the observed variables and their corresponding latent constructs. The nature and estimation of these two measurements differ; thus, errors in determining whether it is a causal or an effect relationship lead to model misspecification. This problem has been criticized in several papers (Fornell et al., 1991; Diamantopoulos & Winklhofer, 2001; Diamantopoulos et al., 2008) . Previous studies applied reflective indicators in cases where formative indicators would have been more suitable (Diamantopoulos & Siguaw, 2006) . In other cases, formative models were adopted where reflective ones would have been appropriate ( Jarvis et al., 2003) . Incorrect configuration of latent variables leads to overestimation of structural paths or yields a significant parameter in reflective measurement whereas it would not be significant in the (correct) causal measurement.
CB-SEM is unreliable in exploratory analyses that include formative constructs because it produces many mathematically sound solutions that can be supported by the same data (Fornell & Bookstein, 1982; Chin & Todd, 1995) . Hence, it should only be used to test well-validated theories. On the other hand, PLS can avoid the factor indeterminacy problem and is more suitable for confirmatory studies. The PLS approach is that observed manifest variables can be linearly combined to form proxies that are used to estimate the model parameters (Henseler et al., 2016) . Lowry & Gaskin (2014) emphasize that PLS is an appropriate statistical technique for theoretical models including formative indicators (or both reflective and formative).
Based on the review of vulnerability factors, this study selected 22 indicators (Table 1) . They were categorized as demographics, socioeconomic status, social capital, coping capacity, and exposure.
In this study, most of the indicators are formative (Figure 3 ), so PLS-SEM is the proper choice. PLS models are defined by two sets of linear equations, the measurement model (outer model) and the structural model (inner model) (Henseler et al., 2016) . In this study, the outer model is presented as Equations (1) and (2) and the inner model is presented as Equation (3):
where l i is the loading capturing the effect of latent variable h on x i , g i is the coefficient of x i on h, 1 and z are the disturbance terms, B is a coefficient matrix of the hs on other hs, G is a coefficient matrix of the xs on hs, and x is a vector of random exogenous variables. In reflective measures, cov(1 i , 1 j ) ¼ 0, i = j, and cov(h, 1 i ) ¼ 0 for all i. In formative measures, E(z) is zero and z is not correlated with x. Once the PLS model was proposed, we conducted several tests to examine the validity, reliability, and predictive power of the model. PLS uses a t-test for the significance of each path in the model. If a path coefficient is statistically significant, then its null hypothesis can be rejected, and the model, therefore, provides empirical support for that path's proposed hypothesis. To demonstrate the predictive power of the model, R 2 and structural paths must be statistically significant (Chin, 1998) .
For calculation, this paper used Mode A in SmartPLS 3.0 (Ringle et al., 2015) because of its suitability. For formative constructs, Becker et al. (2013) suggested that Mode A is appropriate for sample sizes larger than 100. Regarding the structural model's parameters, Mode A performs better when sample sizes or R 2 are small to medium. Regarding the model fit of PLS, the standardized root mean square residual (SRMR) is the only current approximate model to fit criteria for PLS (Henseler et al., 2016) ; other criteria such as the normed fit index (NFI) and the Bentler-Bonett index remain debatable. For the PLS path model, a SRMR smaller than 0.08 determines an acceptable model fit (Hu & Bentler, 1999) .
Furthermore, extra tests were executed for a full examination of the model.
Test for model specification. In formative measurement models, each indicator is a specific aspect of the latent factor; they are not interchangeable. Omitting or changing a single variable is enough to augment the corresponding latent construct. Formative indicators may vary independently or even inversely with one another (Petter et al., 2007) . They can positively or negatively correlate (Bollen, 1984) . On the basis of these definitions, the outer model in this study contains many causal indicators. Nevertheless, judging the measures as reflective or formative purely based on the literature is very subjective. To avoid model misspecification, we used confirmatory tetrad analysis (CTA) to evaluate 
where D k is the diversification index, i is the specific livelihood activity, N is the total number of livelihood activities, k is the particular household, and S i,k is the share of activity i th to the total income of household k th .
the PLS path modeling assumptions. The objective of CTA is to assess if the theoretical assumptions for the PLS model are consistent with the data (Gudergan et al., 2008) . CTA evaluates the cause-effect relationship of a latent variable with at least four observed variables. If at least one of the model-implied non-redundant vanishing tetrads is significant, CTA-PLS rejects H0: τ ¼ 0 and thus does not provide evidence for the reflective measurement model specification.
Test for mediation. The fourth hypothesis requires inspection for mediation in the PLS-SEM. The twostep procedure to investigate the indirect effects in this study follows the guidance of Zhao et al. (2010) and Nitzl et al. (2016) . Both steps use bootstrapping with 5,000 subsamples and 95% confidence intervals.
Multi-group analysis. To test the cross-national heterogeneity between the MRD and Cambodian floodplain, multigroup analysis (MGA) was performed. The sample was divided into two groups based on the household's nationality. The subsamples are exposed to separate bootstrap analyses. The observed distribution of the bootstrap outcomes is the basis to test for group differences. b (1) and b (2) are the true population parameters and b (1) and b (2) are the parameters of the subsamples. The significance of a group effect is determined through r(b
, where the CDFs are empirical cumulative distribution functions (Sarstedt et al., 2011) . A result is significant at the 5% probability of error level if the p-value is smaller than 0.05 or larger than 0.95 for a certain difference of group-specific path coefficients. 
Results and discussion
Outer model Model specification. For the PLS models, before conducting any analysis, the model must be configured. Any mistake in this step can increase the possibility of Type I and Type II errors, leading to incorrect results and interpretations. The authors initially set the coping capacity, demographics, social capital, and socioeconomic status as formative measures. Conversely, exposure consists of reflective indicators.
A CTA was performed with 5,000 bootstrap subsamples to test the initially proposed specification (Table 2) . At a significance level of 0.05, for the coping capacity, demographics, social capital, and socioeconomic status, there was at least one non-redundant tetrad that provided support for the formative measures. Drivers such as socioeconomic factors were also previously proved to be formative (Hauser & Goldberger, 1971; Hauser, 1972) . Conversely, none of exposure's tetrads was significant, confirming a reflective measure. The proposed PLS model is thus specified.
Construct validity of formative indicators. Correlations among causal indicators can be positive, negative, or zero (Hulland, 1999) . The concepts of construct validity and reliability of reflective measures, therefore, do not apply to formative indicators (Lowry & Gaskin, 2014) . However, their weights must At first, most of the weights were statistically significant. Unfortunately, demographics contained two variables with remarkably low weights and non-significant t-values, which are elders (t ¼ 0.575) and household head's age (t ¼ 0.614). Because these two did not meet the criterion, they were dropped from the model. The factor analysis had to be restarted. Table 3 shows the results of the final factor analysis. The removals led to improvements in the validities of the demographic variables, especially in children, as its t-value increased from 1.918 to 2.253. All of the formative indicators complied with the validity requirement.
The procedure to examine formative validity also involves testing the multicollinearity using the variance inflation factor (VIF). Any indicators with scores larger than 10 must be discarded because they indicate serious problems; the ideal threshold is below 3.3 (Petter et al., 2007; Ringle et al., 2015) . Excluding local authorities, whose VIF was 3.357, the remaining outer (Table 4 ) and inner models (Table 5 ) had scores below 3.3, indicating no threat of multicollinearity. For the local authorities, when they were removed from the estimation, it caused sharp declines in the significance of social capital's outer weights and structural path coefficients. Therefore, we retained them because the VIF was just slightly above 3.3, which was tolerable.
Construct validity of reflective constructs. The factor analysis showed that all of the reflective indicators were significant at 0.05 (Table 3) . Their loadings were larger than 0.7, which was sufficiently high, except for the total losses, whose score was 0.522. The average variance extracted (AVE) of (Henseler et al., 2016) . These results show solid convergent validity for the exposure construct. The discriminant validity was then checked using the Fornell-Larcker criterion and cross-loadings. The criterion proposed by Fornell & Larcker (1981) states that a factor's AVE must be higher than any of its squared correlations with other factors. Table 6 shows that exposure satisfies this requirement. Furthermore, cross-loadings in Table 7 guarantee that no indicator was incorrectly assigned to a wrong latent variable.
Reliability of the reflective constructs. The PLS model assesses the reliability of a reflective construct by computing composite reliability and Cronbach's α. Their recommended thresholds are 0.7 (Henseler et al., 2016) . The calculated exposure's composite reliability and Cronbach's α were 0.841 and 0.747, respectively. Hence, the reliability was confirmed. 
Inner model
For tests related to the inner model, the PLS algorithm and bootstrapping were conducted using path weighting with 5,000 subsamples and a 95% confidence level.
The model's predictive power and the hypotheses. Once the outer model was deemed appropriate, the structural or inner model was measured to provide evidence supporting the hypotheses. The estimated SRMR was 0.069, indicating a good model fit (Hu & Bentler, 1999) . Together, the demographics, social capital, and coping capacity explained 19.4% of the exposure's variance (Figure 4) . With the exception of the nonsignificant direct effect between socioeconomic status and exposure, all of the other paths in the structural model had t-statistics larger than 1.96 ( Figure 5) . Thus, the overall model had adequate predictive power.
From Table 8 , regarding the relationship between demographics and exposure, the path coefficient was À0.141 and the t-value was 2.318. These two drivers were positively and significantly correlated, so H1 was verified.
The coefficient from social capital to exposure was À0.197 and significant (t ¼ 8.606), which means that one unit increase in social capital reduced the exposure level by 0.197. Hence, H2 was confirmed.
Better coping capacity can strongly cause a household to be less affected by flooding, represented by the significant path coefficient at À0.338 (t ¼ 14.182). Therefore, H3 was verified.
Test for mediation. Testing for H4 required inspection for mediation in the PLS-SEM, which is presented in Table 9 .
When coping capacity was integrated as a mediator, the indirect effect among the three determinants was significant. The path from socioeconomic status to coping capacity had a β of 0.258, and from coping capacity to exposure had a β of À0.338. 
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On the other hand, the direct effect became non-significant (t ¼ 1.139). This means that a full mediation existed. The influence of socioeconomic characteristics in reducing flood exposure was entirely facilitated through the coping capacity. Hypothesis H4 was then confirmed. Wealthier and more highly educated households were better at implementing preventative measures that consequently reduced the flood-susceptibility levels.
Multi-group analysis. From the results of the MGA (Table 10) , there was only one variation between the MRD and the Cambodian floodplain as the path difference between the coping capacity and exposure was significant. By examining β, Cambodia's coefficient (β ¼ 0.098) was small and contrary to that of Vietnam (β ¼ À0.408). Demographic factors have significant influences on flood exposure
Children and elders were both initially included in the model as preventatives for marginal groups. However, the latter had low and non-significant weight. Children, on the other hand, had strong negative coefficient. More children will place more pressure and burdens on a family. Overall, 61% of the households surveyed had at least one child while only 28.3% contained senior citizens. The lower frequency explains why elders did not function as a substantial demographic factor in this study.
Most of the subjects were permanent residents; they had lived in the two regions for approximately 43 years. Past experiences with flooding (Harvatt et al., 2011; Fielding, 2012 ) and a long settling duration (Kuhlicke et al., 2011; Willis et al., 2011) will lead to higher risk awareness. Understanding the local environment and the types of violent events that it can produce serves as an advantage for adaptation (McEwen et al., 2012 ). An adverse correlation from demographics to exposure (À0.141) illustrates that immigration status can offset the influence of age on social vulnerability. A similar outcome was found in Bangladesh (Paul & Routray, 2011) . Length of residency also had a moderate impact on social vulnerability in East Attica, Greece (Karagiorgos et al., 2016) .
Social capital assists in reducing flood exposure
Social capital proved its role in flood exposure reduction through the negative path coefficient (À0.197). Its manifest indicators in this paper described the reliability of flood warning channels and the chances of obtaining support from external sources. The average scores of information from TV, village radios, and local authorities were approximately 3.6, meaning these channels provided accurate notices. Areas with reliable warning systems enabled people to respond on time to flood, minimizing potential damage. The critical role of such systems was similarly reported by Zou (2012) .
The rate of households who received external assistance in the study sites was quite low. Only 14.7% reported receiving support from the government and 3.4% from NGOs. Such a small rate implies that the local communities have relied principally on their own capabilities to manage natural hazards. However, the role of social capital in reducing flood impacts can be further improved by increasing the support rate. Any support supplied during and after a disaster helps farmers withstand the impacts and recover faster. People with strong social relationships may have better chances to be recognized and assisted (Chomsri & Sherer, 2013) . Bonding social ties help strengthen the past experiences of previous floods and enable people to share techniques and knowledge to prepare and react better to threats. The importance of flood memories and shared flood histories within communities was highlighted by McEwen et al. (2012) .
Cross-national differences and the indirect effects of socioeconomic status, coping capacity, and exposure Households with low incomes or inferior socioeconomic conditions can be more exposed to disasters (Rufat et al., 2015) . Our results provide some extra insights into this relationship. Socioeconomic status, in the case of the LMB, may not directly but indirectly affect flood exposure through coping capacity. Previous studies, such as Masozera et al. (2007) , perceived the ability to cope with natural disasters as an inherent function of socioeconomic status or did not separately examine coping capacity's indicators; hence, the indirect correlation was not clearly revealed. We also discovered a cross-national heterogeneity in the path from coping capacity to flood exposure. This supports the conclusion of Działek et al. (2016) that vulnerability factors are context-specific and there is no set of vulnerability factors whose outcome is universal across an entire country or region.
In Cambodia and Vietnam, the educational level was low as people completed only secondary school on average. More than half of the population surrounding Tonle Sap are illiterate (Keskinen, 2003) . Overall, the economy of the MRD is better than that of the Cambodian floodplain because production there is highly intensive and productive. Since economic development in the LMB has relied on resources provided by the Mekong River, both of the study regions barely made efforts to diversify their economies, which was revealed through the low Livelihood Diversification Index (LDI). The LDI in the MRD was 0.256, and agriculture, fishing, and aquaculture combined accounted for 80% of household income. Although Cambodia's LDI was higher than that of Vietnam (0.294 vs 0.256, respectively) , nearly all of the income of Cambodian households came from natural-based work (98.4%). Although farmers in the Tonle Sap area may engage in various jobs, such as garment factory workers, traders, waiters, and construction workers, many of these are low paying jobs. Eventually their main income must rely on traditional occupations. This means that damage to these sectors would reduce sources of income and lessen adaptability. The contradiction between the LDI and socioeconomic status was indicated by the negative weight (À0.418).
Regarding measures taken to prepare for and respond to flooding, Vietnamese households implemented these remarkably better than Cambodians. There were 448 surveyed families in Vietnam who attended training sessions while there were only 46 in Cambodia. In the MRD, 10.7% of households made adjustments in agriculture, 11.9% in fishing, and 42.1% in aquaculture. These rates varied depending on the production conditions of the study zones. Aquaculture was the sector that received the most alterations; actions often taken were seasonal timing or changes in fish types. Conversely, the preventative measures implemented in the Tonle Sap area to protect production were inferior. Only 2.8% of the subsample made changes in agriculture, 3.4% in aquaculture, and 5.4% in fishing. The migration rates between the two regions were also contrary to one another. Of the sample, 256 households (20.7%) in Vietnam reported having worked in other places. This number in Cambodia was only 18 households (5.1%). Vietnam's better coping capacity has been highlighted in previous studies. While people in Tonle Sap continue to adapt to the natural environment, the MRD has already shifted from adaptation to controlling flooding despite the fact that it also has seasonal floods (Keskinen et al., 2010) .
As a consequence of proactive adaptability, Vietnam experienced less severe impacts than Cambodia. Damage to rice farming and aquaculture was relatively minor across the surveyed districts, indicating a low exposure state. Floods in the region occur annually from September to October. After the extreme flood in 2000, the infrastructure in the MRD was improved, drastically attenuating the hazard impacts. The average flood duration was 8.6 days together with a 0.49-meter water depth. The average amount that the flood season costs families is significantly small (US$38/household).
In Cambodia, floods occur annually from August to September. During this period, production activities such as crop cultivation and aquaculture are impossible. These disruptions emphasize that extreme events have already influenced the inhabitants' livelihoods. Concerning flood characteristics, the average duration was 26 days, and the average flood level was 1.7 meters. The average losses that locals had to bear were approximately US$783. Every surveyed area received damages and losses in the agriculture sector, especially rice cultivation, because the crops (mangos, bananas, jackfruit, papayas, and vegetables) were inundated, and livestock became ill (anthrax) and even died. Families in the Siem Reap province had the largest losses in both rice farming and aquaculture. After the extreme flooding of 2011, Siem Reap experienced the greatest costs among the study provinces. The aggressive flow affected 17,000 houses and 640 km of roads and damaged 15,000 ha of rice and 1,600 ha of other crops. Negative impacts in natural-based sectors are critical threats since more than 70% of the residents of the Tonle Sap area are farmers. These losses reduced household incomes and available protein sources and made them more susceptible to environmental pressures. These risks, in the end, might promote migration to urban areas to search for alternative jobs. Infrastructure also experienced certain costs as a result of damaged roads and flooded houses. Approximately 20% of the dwellings in the region are thatch-roofed houses, and 43% are made of zinc roofs and fibro. These types of buildings cannot withstand vigorous flooding and are easily destroyed. Furthermore, there were several fatalities across communities during the 2011 flooding.
Hydropower in the short term and climate change in the long term both can alter the water balance and hydrological aspects of the Mekong River (Keskinen et al., 2010; Smajgl et al., 2015) . These changes affect flood characteristics, thus leading to secondary impacts on roads, buildings, infrastructure, agriculture, aquaculture, settlements, and human health. Therefore, new policies should be prepared to minimize the potential damages and increase people's resilience against flooding. From the estimated PLS, the most feasible approach to reduce flood impacts is through socioeconomic status and coping capacity since together they have the most substantial influence on exposure. A similar suggestion was found in a study by Fang et al. (2016) wherein increased education and income were the most effective adaptive strategies for reducing household vulnerability. Promoting education together with encouraging people to attend training sessions would provide farmers with more efficient methods to cope and conserve their crops. During flooding periods, victims should be provided substitute protein to compensate for lost crops and fish as a method to ensure food security.
Aside from factors that relate to household exposure, the infrastructure should not be ignored. Basic construction projects such as riverbank fortification and irrigation facilities are necessary. Activities such as dredging canals, raising embankments, and uploading roads can slow down flood propagation and decrease inundation. Significant investment in structural measures since 2000 is one way the MRD can minimize adverse effects and even exploit this natural phenomenon (Tinh & Hang, 2003) . As reported by Käkönen (2008) , focusing on engineering structures helped the Vietnamese delta shift from adaptation to control the river flows. The benefits of infrastructure in the MRD were also acknowledged in the study of Le et al. (2008) . Moreover, as floods are likely to change in the future, better hydrodynamic models are necessary to monitor and analyze the effects of hydropower and climate change on flooding. Hanington et al. (2017) promoted the IWRM-LXQ (Integrated Water Resource Management -Long Xuyen Quadrant) as a fine-scaled model for decision-making at interprovincial and community levels. It can incorporate the operation of canals, dikes, and embankments across the landscape to simulate flood inundation. In line with hydrological models, efforts to resolve issues related to inaccurate data and information gaps that might hinder their performance should also be pursued.
Conclusion
In this paper, we proposed a new approach to assess the interactions of flood vulnerability determinants at a household level. This is one of the few studies applying PLS-SEM in the area of natural disaster management. While previous papers did not justify their model specification (Ridzuan et al., 2017) , we employed CTA to confirm this. The test proved that indicators that explain demographics, socioeconomic status, or social capital should be formative instead of reflective such as in previous articles (Zou, 2012; Mojtahedi & Oo, 2014) .
The model was constructed in an empirical context to understand the manifest factors of flood vulnerability in the Vietnam MRD and the Cambodian floodplain. The results provide evidence confirming that demographics can directly influence the affected intensities. Selected indicators affected this relationship in various directions. In the study areas, immigration status can offset the burdens emerging from the presence of marginal groups. Life experience increases risk awareness and makes local farmers familiar with the seasonal flooding cycle.
Social capital was also found to significantly reduce flood exposure. While the reliability of the flood warning systems was adequate, the percentage of households that received assistance from the government and NGOs in the study sites was quite low. This is a drawback in the build-up of social assistance, so more attention and efforts from authorities are necessary.
The most robust coefficient in the model was from coping capacity to flood exposure. Coping capacity also serves as a full mediation facilitating the effect of socioeconomic drivers on exposure. Additionally, we found that this path is different between Vietnam and Cambodia. Households in the MRD have better financial status than their upstream neighbors due to their highly intensive production. They also established more measures to prepare for the annual flood seasons. As a result, Vietnamese families endure considerably lower flood impacts than Cambodians.
Another notable outcome is that livelihood diversification was not an appropriate indicator for regions such as the MRD or Tonle Sap where economic development is purely dependent on nature-based jobs. Therefore, instead of attempting to engage in many livelihoods simultaneously, which yields less income, people should focus on how to efficiently protect and enhance production resilience.
For the two regions in the study, adverse impacts from flooding can disrupt local livelihoods and hinder economic development. These effects will likely change in the future because upstream development and climate change will influence the flood dynamics in the LMB. Thus, examining flood vulnerability as well as the interactions between its determinants is necessary to obtain insights for policymakers. They highlight the most significant factors and relationships that can be used to help families in the study areas reduce their flood vulnerability.
It should be noted that the selected variables in this study were fixed within the context of the Lower Mekong Basin. For other areas or types of natural hazards, there may be different manifest indicators or patterns that affect the vulnerability of the threatened systems. Some factors were not included in the model, such as gender or access to resources. Follow-up studies should quantify flood vulnerability and detect the most vulnerable areas in the Vietnam MRD and the Cambodian floodplain.
